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INTRODUCTION 
Mere routine clinical experience su伍cesto demonstrate that many kinds of 
pain sensation are felt in the bone, when any of these are diseased; obtuse pain, 
acute pain, oppressive pain and so forth. In surgical operation, the periosteum is 
susceptible to excruciating pain when pierced, cut, bruised or flayed, but when the 
periosteum is first removed and then the bone cortex is pierced with a dril, often 
no pain is complained of til the dril touches the bone-marrow. When however, a 
needle is introduced through the drilled hole or some liquid is poured through it, 
instantaneously the patient begins to feel pain. When a bone-marrow is laid bare 
and is cut or bruised, pain is felt too. 
Thus clinical observations suggest that the periosteum and the boneィnarrows
are capable of sensation, but the capacit~’ of feeling is widel;v・ di百erentin the two 
parts. 
LITERATURE 
Such clinical observations have been known since long ago but reports on 
studies of the innervation of bones including the periosteum and the bone-marrows 
are by no means numerous. On the innervation of the periosteum, I匂LLIKER(1850) 
reported existence of nerve-plexus therein and later on (1858) reported discovery 
of VATER-PAcINI’s bodies in the . periosteum, which RAUBER (1868) and PANSINI 
(1891) also have confirmed. Since then, no notewor廿1y work on the innervation 
in the periosteum appeared til the recent ）’ears. In 1926 MrscoLCZY, in the famous 
CAJAL’S LABORATORY in MADRID, investigated the nerves distributed in the periostea 
of the limbs of young mice and of the shoulder blade of young dogs and reported 
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Fig. 1. Miscolozy's diagram_ of:supply 
that they are distributed in net-works (Fig. 1). 
He also discovered VATER-PAcINr’s bodies between 
the origin of muscles and the outer lay€r of the 
periosteum of mice and presumed the~e to be 
specific to the periosteum. He reports that the 
nerve bundles distributed herein do not always 
form their terminations in the periosteum, but 
sometimes spread into the inner periosteum 
through the HAvERSIAN canals or run further into 
the bone-marrow avoiding medullar cells in the 
diaphysis and the osseous substance and the 
cartilages in their courses and form nodes in 
the marrow, but he could not readily detect any 
termination therein. Regarding such statements, 
STOHR (1928) expressed his doubts about nerve 
的 resforming nodes and pointed out that the of nerves from the periosteum 
in to the bone-marrow. Shou- V ATER-PACINI’s bodies being apparatus necessary 
Ider blade of the dog. Ori広：inal for regulating metabolism and blood flow in the 
by Miscolczy. bones, their existence is inadequate as the ground 
for neurohistological interpretation of the clinically known pains in the periosteum 
and bones. More recently, NozAKI of Prof. SETO’S LABORATORY has found in the 
periosteum of the bones near the knee-joints of early human fetus many nerve 
terminations including corpuscular end bodies (GoLGI-lVIAzzoNr's bodies, RuFFINI's 
bodies and PAcINIAN bodies) which were found only in the epiphyses, and simple 
terminations representing receptors of pain sensation. 
On the other hand, studies on the innervation of the bone-marrow are even 
fewer, according to GoERING the oldest being that by DuvERNEY, who asserted in 
1700 already that nerve fibres run through the foramina nutricia accompanying 
blood vessels. He has been followed by LuscHKA (1863) ,I白LLIKER (1899), OTTO” 
LENGHI (1902), GLASER (1928), PETERSEN (1935), ScHANTAu (1936), Foλ(1936)' 
TAKEYAMA (1936), HuRREL (1937), HIRAKI and TANAKA (1955) and few others. 
Among them, as far as I could ascertain, the only reports on the innervation of 
human bone-marrows were those by TAKEYAMA and HIRAKI of Japan. 
In summarizing the above reports, we see that the majority are of the opinion 
that the nerves run into the bones through the foramina nutricia. Some a伍rm
the existence of a small number of nerve五bresrunning via periosteum and HAVERSIAN 
canals (TAKEYAMA, MrscoLczY, VARIOT, HIRAKI etc), but others deny them (TAKAs2). 
As to the nature of the nerves, some assert the existence of both myelinated and 
unmyelinated五bres (VARIOT, 0TTOLENGHI, TAKEYAMA, GLASER, Roλ，RAUBER) , but 
otlwrs deny the existence of myelinated fibres or failed to mention them (de CASTRO, 
HuRREL, HIRAKI). PETERSEN、givesan ilustration of myelinated五bresrunning 
through a HAVERSIAN canal (Fig. 2). On the distribution of the nerves in the bone-
marrows the opinions are in agreement, pointing out their close relation with blood 
vessels, especially the arteries in the marrows, some describing their arrangement 
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Fig・. 2. Myelinated nerve fibns in 
Haversian canal. Human 
femur. Oiginal by Petersen. 
as reticular and some as entwining. Since 
LuscHKA, most of the authors assumed the 
nerves to be sympathetic but Takeyama cal 
them parasympathetic and Hiraki aserts to 
have found terminal reticula on the wal of 
the axial artery of the bone-marrow. There 
were onlv 0TTOLENGHI and de CASTRO that have 
pointed out other terminations, the former 
seeing end corpuscles in the muscular layer 
of the blood vessels and the latter looped 
terminations. 
Thus, the descriptions on the innervation 
of nerves in the bone-marrow have been in 
chaotic state and the terminal mode of sens四
ory nerve fibres, ifany, is not at al clari五ed
to date. Moreovtr, reports on studies on human 
bone-marrows have been limited to those by 
the Japanese researchers TAKEYAMA and 
HIRAKI, SU広gestingthe great di伍cultyof staining nerves in human bones. 
MATERIALS AND METHOD 
My materials of study were al taken from autopsied cases and specimens 
extracted at surgical operations of human fetus of 5, 6, 7,8, and 9 months and 
human adults. The samples of periostea and bone-marr 
tibia, the femur and the corpus vertebrae, and the tibia and the femur were u~ed 
as samples of tubal bones and the corpus vertebrae as that of reticular bones. The 
materials were fixed mostly in 10% neutral formalin, but more rarel｝・ inalcohol, 
for 6 months at the shortest. For decalci五cation5% nitric acid solution (mixed 
with equal quantity of 10% formalin solution) was used. The specimens were 
usually cut into frozen sections, but the bone-marrows were prepared into celloidin 
sections. For staining, SETO’s sil¥'ET impregnation was applied, but some of the 
preparations were im町iersedin 5% sennite salt bath folowing a silver ammonium 
bath of SETO’s method. With some specimens, myelin sheath staining was applied 
for con自rmation.
INDIVIDUAL FINDINGS 
I. INNERVATION OF THE PERIOSTE Uλ｛. 
In the main, the periostea of the corpus vertebrae, at the height of the lumbar 
segment, of a 6-month and a 9-month human fetus and an adult were examined. 
Myelinated and myelin1ess fibres cle1・i¥・ed from the anterior ramus of the n. 
1umbalis and from the lumbar sympathicus were found to come into the adventitia 
of the periosteum, accompanying the small arter旬sand blood capillaries originating 
in the lumbar artery and form dense basal nerve plexus there. 
． 
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A) Se仰sorynerve terminations 
The sensory fibres from these basal plexus run irregularly through the adventitia 
of loose connective tissue into the deeper parts: partly running either paralel to, 
closely along or entwining small arteries and capillaries, some proceeding unrelated 
句 bloodvessels, and others passing across the collagenous fibres. Then, they end 
either forming terminations within the adventitia, or even run as far as the intima 
of the periosteum which is formed of connective tisue 五brescalled五bro elastica 
or cambium. A very small part, however, penetrate further through the intima to 
the bone cortex and thence through the HAvERSIAN canals to the bone-marrows. 
The terminations in the periosteum may be clasified into 4 types in form, as 
follows: 
1) Unbranched and simple branched terminations. 
2) Bush-like terminations. 
3) Complex branched terminations. 
4) Capsulated corpuscular terminations. 
1) Unbranched and simple branched terminations (Figs. 3 & 4). 
In snch a termination, e. g., as ilustrated here a myelinated五bre coming 
parallel to a small artery crosses the blood vessel and the periosteal connective 
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Fig. 3. A unbranched sensory nerve termination is found in the periostum of Iumbal 
vertebrae in adult human. Seto’s silver impregnation. Photo×200. 
Fig. 4, Dito. Photo ×600. 
tisue 五bresin the transitional layer between the adventitia and the intima toward 
the deep part of the periosteum, losing its m）℃lin sheath during the course, and 
br.anches out into two terminal rami, of which one ends sharply in close vicinity 
of a connective tisue cel and the other also in a sharp point among the connective 
tissue fibres. 
Alongside the smal arteries penetrating through the HAvERSIAN canals in the 
bone cortex to the bone-marrow, some myelinless nerve五breswere found running 
from the periosteum to the bone“marrow, but the number was never large at al. 
青ば
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2) Bush-like terminations (Fig. 5). 
These terminations are formed 
by complication of the preceding 
simple terminations. The stem五bres
count 2-3 per termination, which 
form a bush-like ending in the deep 
part of the periosteum, repeatedly 
undulating across the connective 
tissue fibres. These terminations 
have the characteristics of being 
capsuleless and showing no anastom-
osis among the terminal日bres.These 
terminations are too much undulat-




3) Complex branched term-
inations (Figs. 6, 7, & 8). 
These are found in the stout 
Fig・. 5. Bush-like termination in the dep part 





Fig. 6. A complexs branched termination is found in the periosteum of lumbar vertebrae in 
adult human. Same staining. Photo×400. 
Fig. 7. Dito. Various level. Stem sensつrynerve fibres end in fox's-tail form. Photo×600. 
dense collagenous fibre layer of the perios-
teal intima. 2-3 thick sensory日bres,after 
losing their myelin sheaths，自rstbranch 
out widely, then 、repeat anastomosis to 
form a rhombus, thence throw out several 
branches, which again ramify arborealy 
and end in most cases in sharp points 
among the collagenous fibres after compar-
atively short courses, but some of the 
branches run backwards toward the stem 








Fig・. 8. Ditto Various level. tPhoto x 600. 
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Fig. 9. A capsulated glomerular corpuscle is found in the p巴rioseumof lumbar vertbrae in 
adult human. Same staining. Photo ×600. 






Fig.11 A capsulated glomerular terminal corpuscle is found in the pariosteum of lumbal 
vertbrae in adult human. Same staining. Phot×200. 
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Fig.13. A capsulated double glomcrular t巴rminalcorpuscle is found in the periosteum of 
lumbar vertebrae in adult human. Same staining. Photo×600. 
Fig・.14. Ditto. Photo ×1,000. 
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F!g-. 15 A capsulated complex glomerular terminal corpuscles founi in th巴 ispericsteum of 
lumbar vertebrae in adult human. Same staining. PJ-.oto×ECO 
Fig. 16. Ditto Photo ×1,20. 
4) Capsulated and corpuscular terminations (Figs. 9, 10, 11, 12, 13, 14, 15 & 16). 
These terminations are specific in form to the periosteum. They are vastly 
varied in development, are round or elliptical in form and are found in the deep 
part of the periosteum. 
One or two sensory fibres sent out by the stem nerve, after losing their m~・elin 
sheaths immediately begin 加 forma glomerular termination after running wavy 
and looping courses showing change in size peculiar加 sensory fibres and then 
sending out terminal rami. The glomeruli are varied in formation, and most 
frequently, a few of the日bresthat have formed a glomerule in the capsule proceed 
to form a secondary glomerule in the same capsule. In general, the sensor）’五bres
participating in the formation of the五rst glomerule are thick and those coming 
into the formation of the secondary glomerule are thin. The special nuclei in the 
corpuscle and the inner bulb are considerably abundant and are divided into two 
groups in tactile relation with the glomerule. In the corpuscular capsule is found 
a nervous colloid substance. The myelin sheaths are lost in the vicinity of the 
capsule, which consists of 2-3 layers of fibre membranes containing usually small 
~. －－－.，－ ！ 山 叫…dshoれ1itoughness ＇、1orthyof a sensory te-
1層rnination in a stout connεCti¥・e 




St凸hrsvegetative terminal retcula is found 
in the periosteum of lumbar vertebrae in
adult human. Same staining. Photox 1,20. 
1 
is indicative of the sensitivity of 
the periosteum to sharp pain, as i日
the skin, or is related with the 
metabolism of the bone. 
B) Vegetative terminal re-
ticula in th? periosteum 
(Fig. 17). 
There ha vc been i nclcecl no clear 
description of the vegetative nerves 
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in the periosteum in general, not加 speakof the periosteum of the corpus vertebrae 
in particular. But now, I have succeeded in clarif:,・ing how the control isexercised 
by the vegetative nerves and in demonstrating that of al the connective tissue 
organs, the periosteum is the best provided with nerve elements. 
The large number of unmyelinated自bresoriginating in the lumbar sympathetic 
ganglia and the lumbar nerve plexus formed with their centers on the both sides 
of the anterior longitudinal ligamentum run in compan）’ with small arteries and 
blood capillaries deep into the proper collagenous fibre la：－・eror as far as into the 
intima periostei and form here and there in direct contact with the collagenous 
的resor in the interλbrous loose tissues abundant net-works of unmyelinated fibres, 
i. e., the preterminal reticula and vegetative terminal reticula that are cord-like 
五brillarreticula, in verγactin~ distribution. 
These terminal reticula accompa町’ special nuclei probably transformed from 
ScHWANN’s nuclei and stand in control over the periosteal connective tissue cells by 
close contact. Thus, it has been a valuable fruit of this study that I have succeeded 
in demonstrating that the formation and the metabolism of the bones are under 
the control of the collagenous fibres and the bloo:i vessels abundant in the perioste-
um and not less of the vegetative terminal reticula therein. 
C) Jnnervat』onof the adventitia periostei and the surrounding 
loose tissue (Figs. 18, 19 & 20). 
Fig-. 18. Vater s corpuscle is found in the lose tissue of the outer layer of the vertebral 
periosteu.m. Human adult. Photo ×200. 
Fig. 19. Krause’s corpuscle is found in the outer layer of the Periosteum of the fetal vert-
ebrae (9 M.) Same s~aining. Photo×200. 
The periosteur.n is bounded off the surrounding th;sues by a loose connective 
tissue, which is al:=;o rich in senson' tcrminationB. 
As stated above, RAUEER reported that there are man－＂’VATER’s corpu日clesin 
the periosteum. These seem to be found in the advcntitia of the periosteum or 
the transitional part of this and the adjacent tisues and I saw also them in the 
loose tissue between the periosteum of a corpus vertebrae and the muscle tissue 
where it attaches to the bone. SmMODA of SETo’S Laboratory has found GoLGr-
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:.¥IAZZONI'S bodies in 01・adjacentto the periosteum 
of the epiconctylus tibiae or human fetus and 
reports that these exist independently or in comp-
any of vegetati¥・e nervEs. Some >・cars ago, I have 
confirmed the existence of capsulated corpuscles 
identical in structure to KRAUSE’s bodies as found 
in jointぉinthe same part. These are all glom-
erular corpuscles with capsules and are probably 
organs conncctc:l wi tn deep::;en日ation, especially, 
muscular sensation or may be with regulation of 
blood circulation. 
lI'・ IN.VER VATIO~V OF TONES 
A〕 hn了rvalionof cortex of lonq ttbαi bones 
(Figs. 21, 22, 23, 2-1, 25, 26 & 27). 
Fig. 20. 
Fig・. 21. Sensory nerve fi'Jres are found~in the:HA ¥'7'H.<!AN canal orrthe tibial cortex. Human. 
Same stainin巨・ PLoto×6CO.
Fig・. 22. Dito. The other level. Nerve fibres connect in these 2 photograiコlてS(Figs. 21 &22). 
Fig・. 23. Ser.sory nene日brcand 1、elinlessnc1・ve fibres which form the very simple 
type of network in the blood capillary wall, in the HA rnR~rA:< canal. 
Fig・. 24. Ditto. The other level. Only sens0ry nerve fibres are found in this l巴vel.Sensory nerve 
日bresconnect in these 2 photographs (Figs. 23 & 24ふ
10 日本外科宝函第27巻第1号
Fig. 25. Sensory nerve fibres are found in the HAVERSIAN 
canal of the human tibial coxtex. Same staining. 
Photox 400. 
Fig. 26. Dito. The other level. Sensory nerve fibres 
connect in these 2 photographs ¥Figs. 25& 26) 
and come in to close contact with the endos-
teum of the HAVE¥lSIAN canal. 
Fig・. 'l:l. A rnyelinless nerve fibre runs in company with 
blood capillaries through the I王AV且HSIANcanal. 
Human tibia. Same staining. Photo×40. 
According to RAUBER, the 
quantity of nerve fibres varies 
with different bones, and a 
part of the fibres exists in 
the periosteum, another in the 
osseous substance and yet 
another in the medulla. 
The nerve fibres going 
over from the periosteum 
into the bone-marrow run th-
rough the HAVERSIAN canals 
accompanying small arteries 
and blood capillaries. As st-
ated above, MrscoLCZY has 
published a diagram of dist-
ribution of nerves from the 
periosteum into the trabeculae. 
STりH1,rnsays that PTERSEN has 
found bundles of myelinated 
fibres running through the 
HAvERSIAN canals. At present, 
litle is known of further 
details. It is a clinically est-
ablished fact, however, that 
the bone cortex is low in 
sensitivity to pain and that 
in nerve diseases, changes 
soon appear in the cortex. 
According to my study, 
in the cortex of human long tu 
-bal bones, the nerves supplied 
to the periosteum and the me-
dulla are not necessarily in 
close contact and in quantity 
the myelinated fibres found 
in the cortex are almost ne-
gligibly small, most of the 
fibres b巴ingmyelinless. The 
majority of these unmyelin-
atcd fibres ar~ represented 
by vascular wal nerves and 
perivascular nerves, and no 
one has yet succeeded in 
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finding how these are terminated. 
So, the majority of the branches of the periosteal nerves running through ・the 
HAvERSIAN canals into the bone cortex are myelinless, which are smooth-surfaced 
and show litle, if any, change in size while running along blood capillaries solitarily 
or in bundlets of several strands. These smooth fibres pぉsover into the STりH~＇S
so-called capillary nerves. 
The greater part of the nerves in the cortex, however, according to what I 
have learned in m~・ fetal specimens, seems to consist of fibres originating in the 
intramedullar nerves coming in through the foramina nutricia of the bones. 
These仙res,excepting only a very small part, are unmyelinated smooth ones 
probablJア ofvegetative nature and accompany ScHWANN’s nuclei and nuclei seemingly 
originating from these. These fibres run in company with blood capillaries through 
the HA vERSIAN canals or the reticular medullar lamina near them toward the 
periosteum. 
The・ stem五breof such a sensory nerve changes its course parallel to a:blood 
capillary at the level of a HAVERSIAN canal, and twisting. back while showing change 
in size peculiar初 sensory五bresand sending out 1-2 branch fibres, cros田sover 
its previous course, passes across the capillary, obliquely to the other side, then 
turns back to run meandering along the capillary and while showing again p民uliar
change in size and parting from the capillary, come up to the osseous wall of a 
HA vERSIAN canal to end sharply in contact with a bone cel there. The other 
branch running back wards along the capillary wall and crossing the main fibre 
also running back as above, turns outward o古 the capillary and after changing 
its size in a way peculiar to sensory的resalso runs up to the periosteum on the 
wall of a HA vERSIAN canal to end sharply in a simple termination. 
Another sensory五brealso found in a HA VERSIAN canal was found to run spirally 
upon losing its myelin sheath, crossing itself twice, running crosswise along a capilla-
ry wall and ending sharply in an unbranched termination in contact with the 
inner periosteum of a HA vERSIAN canal. Such sensory五bresalways飢 compa.JJ.y
ScHw ANN'S nuclei, showing sometimes the appearance of the fibre running right 
through a ScHw ANN’s nucleus and sometimes of neuro五brillardistension in which 
the SrnwANN’s nucleus is contained. The nuclei are elliptical or spindle-form in 
shape and usually have no plasma capsule. Generally speaking，間nsory fibres are 
not uniformly. distributed in al the HA vERSIAN canals of the bone cortex, but the 
distribution is rather thin. 
The myelinless nerve fibres in the vascular wall nerves and the perivascular 
nerves coming in company of aa. nutriciae medullae form no end organs, except 
a v~ry simple type of net-work. The terminal mode of these medullar fibres is 
similar to but much simpler than the capillary nerve nets found by STOHR on heart 
capillaries. In the majority of the cases, however, not only such capillary reticula 
but nearly always terminal reticula in contact with the endosteum of the wall of 
HAVERSIAN canals are also formed. 
The unmyelinated fibres that run through the HAVERSIAN canals or the compact 
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substance are near］ ~· smooth-surfaced nerve fibres of uniform size, and running 
parallel to the capilaries in the bone-marrow and sometimes crossing over them, 
repeat rami五cationsand anastomoses, at which they show slight nodule formation 
and neurofibrilar distension, and proceed toward the distal ends of the blood 
capillaries. At last they part from the capillaries and then run in labyrinthical 
complexity along the endosteum, coming into close contact to the osteoblasts of the 
endosteal wal. 2-3 of these fine unmyelinatecl fbres form reticular structures but 
never end free in terminal五bresterminating in sharp or blunt points. Neither do 
they form clear-cut vegetative terminal reticula which, however, on the other hand 
is distinctly found arounct ossi ~cation nuclei and blood ves~el loops in cartilages of 
incomplete ossi五cation. As the special features of these五bresto distinguish them 
from the sensory五bres,we may enumerate that the former, after running along 
blood capillaries forming capilary reticula, part from them and run along the 
surface of the endosteum and never send out terminal fibres. In wel-stained sect-
ions, ScHw ANN’s nuclei may be found located parallel to and alongside these fibres 
or penetrated by them. Sometimes such nuclei are found directly in contact with 
the capillaries. 
B) Innervation of bone-marro初s.
In the above I have described how a part of the intraperiosteal nerve branch 
runs via HAvERSIAN canals into the bone-marrow and stated in the preceding that 
the number of such仙resis very small indeed. 
The intrame'.:lullar nerve fibres of the long bones are represented in their majority 
by th2 nerve bundles running into the bones together with the nutritive blood 
vessels, as alrcac1.v pointed o'Jt in T AKASE’s study on the medullar nerves in the 
tibia of mice. In human long bones, c・g.,in the case of the tibia, the trunk 
nerve run in company with t:1c a. nutricia tibialis branched out from the a. tibialis 
;:Jposterior through the foramen nutricia tibiae on the dorsal side of the shin-bone 
Fi~－. 28 Intramedullar vascular wal nerves in the surgical neck of femur. Human adult. 
Same staining. Photox40. 
Fig-. 29 My巴linlesn巴rvefibres in the intramedullar vascular wal of the human femur. 
Same staining. Photo x 400. 
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into the bone-marrow, to form the n. intramedullaris tibiae. This trunk nerve 
consists of myelinated and myelinless fibres and divide into the following two nerve 
groups in the medulla: 
1) Intramedullar vascular wal nerves. 
2) Intramedullar basal nerve plexus. 
1) Intramedullar vascular wal nerves (Figs. 28, 29 & 30). 
Of the stem nerves that have come 
into the bone-marrow together with ,, 
the nutrition arteries, the nerve 
bundles main ！~’ consisting of myel-
in less 五bres run along the small 
arteries in the medulla, rnmdimes 
surrounding and entwining them and 
sometimes running in the vascular 
1司mils. These nerve bundles contain 
5-15五breseach and running along 
one or both sides of the nutritive ． ”電
ar町 ies 山 seto their adventia, go 夜夜 、 仏F
on ramifying and anastomosing of 
the ramified branches, forming no- Fig≪ 30. Dito. Photo xi .ooo霊竺思＝
dules and repeating such branching and knotting, proceed through the medulla in 
company of blood vessels in the form of reticula >1・ithout terminal branches. The 
branch五bresof such reticula rarely if ever show change in size as is peculiar to 
sensory五bres,but are mostl~· of uniform size and form clear-cut net-works. The 
reduction in size of a fibre always occurs at the nodules of anastomosis and never 
before or after them. When the五nalstage of ncuro五brilsis reached, no further 
reduction in size is of course possible and only anostomosis and rami五cationgo on. 
Some of the fibres depart to a smal distance off the vascular adventitia and effect 
their reticulation in the medulla there but soon return加 theside of the blood 
vessel. From such structure and 
nature of these myelinless王bres,we 
may assume them to represent intr-
amedullar vascular wal sympathicus. 
2) Intramedullar basal nerve 
plexus (Figs. 31, 32, 33 & 
34). 
The bundles of myelinated五bres
containing varying quantity of n＼・－
elinless fibres, upon reaching the 
bone-marrow in company with nu-
tritive blood vessels, begin to nm 
approximatel＞’ parallel to these vessels 
and go on ramifying ancl anastorno-
Fig-. 31. Intramedulla1・b<1saln巴rveplexus in 
the human tibia. Same stainine:. 
Photox 400. 
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sing at the branching points of the 
blood vessels and otherwise, but 
this ramifying and anastomosing 
is e百ectedi.n a comparatively na-
rrow area of the medulla and 
never in the entire breadth of the 
bone-marrow. Thus a net-work of 
nerve bundles is spread out in the 
bone-marrow, to form the intram-
edullar basal nerve plexus, and the 
nerve fibres forming these plexus 
run through the medullar parenc-
hyma parallel to or quite indepe-
ndent of the blood vessels or in 
Fig・. 32. Ditto. 
contact of or a distance from the bone trabecula, sending out branches to the end 
osteum when coming into contact with the bone trabecula and also into the medullar 
parenchyma, and sending out nerve rami to the blood vessels during their courses 




－’h ．． -Fig・.l.3. Ditto. Fig. 34. Ditto. 
C) Sensory nerve terminatio仰si仰 thebo仰e-marrow (Fig. 35). 
The intramedullar sensory terminations are very simple, only simple type ones 
and their complicated type the bush-form terminations being found to date, but 
none of the more complex terminations such as ansiform terminations or capsulated 
corpuscular endings nor other sensory terminal apparatus, apparently speci五cto 
intramedullar fibres being ever discovered. So, the intramedullar sensory terminat-
ions comprise only the two following types: 
1) Unbranched and simple branched terminations. 
2) bush-form terminations. 
1) Unbranched and simple branched terminations (Figs. 36, 37, 38 & 39). 
The basal nerve plexus formed in the bone-marrow, while engaged in rami五ca-
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tion and anastomosis, send out a few 
sensory branch五bres,which upon shedding 
their myelin sheaths meander, wind and 
spiral through the medullar par℃nchyma in 
courses of varyin行，lengthsand mostly end 
as sharppointed terminal branches in the 
parench~＇ma. 
In the specimen here is found a thin 
sensory 五bre branching out of a basal 
plexus running a spiral course repeatecll:v・ 
winding up and down, and五nallyending 
in a sharp point in the medullar parenchy-
ma. This specimen was obtained from the 
excised subtrochanter of a patient with 










Fig・. 35. Sensory nerve fibres in the bone-
marrow of the human femur. Same 
staining. Photo×1,200. 
it 
Fig・. 36. Unbranhed termination in the bone-marrow of the femur. Human adult. Same 
staining. Photo×1,200. 
Fig. 37. Ditto. The other level. Terminal nerve fibres~connect in these two photographs 





Fig. 38. Unbranched termination near the bone trabecula in the tibial bone-marrow. Human .~ 
fetus. Same staining-. Photo×400. 
Fig・. 39. Simple:;.branched termination in the bone-marrow of the femur. Human adult. Same 
staining. Photoxl ,200. 
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Often I found 1-2 strands of thin nerve fibres coming from the basal plexus 
running a rather short course after losing their myelin sheaths and then along the 
bone column to end sharply in contact with the endosteum. I cannot, however, as 
yet decide whether such五bresare of sensory nature or not. 
Some of the nerve branches, upon losing their myelin sheaths on the vascular 
wall, turn perpendicular to the vessel and running long or short courses, end sharply 
in the medullar parenchyma. 
I also found 1-2 myelinated senrnu五bresbranched out from a vascular wal 
nerve diverting in their courses to meander among the meclular parenchymal cels, 
then return to the original direction, then again running a spiral course, winding 
and looping, finally returning to the adventitia of the original smal artery, branching 
out again and ending after more or less lengthy courses in end-loops formed on the 
vascular wall. This termination was not photographable owing・toits extreme 
undulation. 
2) Bush-form terminations (Fig. 40.). 
These are the same simple 
terminations a litle complicated 
by multiplication of the terminal 
branches. The sample ilustrated 
here has been found in the diaph-
ysis of the femur of a human 
adult. Several sensory fibres sent 
out from an intramedullar vasc-
ular wall nerve, after showing 
crooks near the small arteries, encl 
in sharp points in the intramedulト
ar parenchyma. 
It is, however, of ve1・〉’ rare Fig-. 40. Bush-like terminationJinrthe bon~－marrow 
of the human femur. Same stini1w occurrence to see sensory termin- Photo×1,20.’ 
ations of that much complexity in the bone marrows. 
Thus, the terminal mode of sensory nerves in the bone marrow is extremelv 
simple and the distribution of the terminations isalso far from dense, so that the 
clinical observations cited at the outset of this paper are sufficiently endorsed. It 
may be, however, that since the bone marrow日 arecover百lup on al sides in rigid 
bone cortex that utterly refuses expansion, this physical limitation in space is 
helping these thinly distributed and simple terminations in sensitively reacting to 
intramedullar sensory stimuli. 
D) Intramedullar vegetative nerves 
As mentioned above, the nerves distributed in the bone marrows are in thier 
majority vegetative nerves consisting of smooth myelinless fibres of uniform size, 
forming vasoparietal sympathetic reticula, but the intramedullar basal nerve plexus 
also contam many unmyelinated fibres, which form neurofibrillar simple terminal 
cord-like reticula distributed in the meclular parench~·ma and probabl；「innervating
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the endosteum and the hematopoietic tissue and controling them. These terminal 
reticula, however, are not distributed over the whole area of the bone-marrow but 
are usually observable only in vascular walls or perivascularly, where the basal 
nerve plexus are found. 
II INNERVATION OF THE PERICHONDRIUλf 
In 1928, SFAMENI wrote that the innervation of the perichondrium is similar 
to that of the periosteum, basing himself on examination of his own preparations, 
but now that numerous and complex sern.:.or;-・ terminations have been discovered in 
the periosteum as above, this general statement is subject to revision. 
Upon comparison of silver-impregnated preparations of the perichondria of the 
tibia and a corpus vertebrae of 6-9 months fetus and of the periostea of the same 
parts of human adults, the number of問nso円五bresand their terminal mode are 
both far poorer in the former, complex type sensory receptors such as glomer-
ular corpuscles being neves found here, only unmyelinated五bresand vegetative 
terminal reticula being observed in formation in most part. 
IV. INNERV AT!Ol'I' OF OSSIFICATION NUCLEI AND THE 
UNOSSIFIED CARTILAGE (Figs. 41, 42 & 43). 
Many vascular ansae are found inthe long tubal bones and vertebral bodies offetus 
with incomplete os8i(cation extending from their perichondria to_ the ossi五cation
，. ~ 
や
Fig. 41. Myelinles ncr刊 fibrilsspread out as cord like vegetatiYe terminal reticula on 
the endosteu1n of the ossification nuclei. Human ,・crtebra. Same staining. 
Photo×1,200. 
Fig-. 42. Dito. Photo×1,200. 
nuclei, and here are seen nene五brebundles accornpan;-・ing the small blood vessels 
that come in via the perichondrium. The majoritγof the fibres are unmyelinated 
and form vegetative terminal reticula in the blood vessel loops in the cartilages. 
These terminal reticula run nearl;-・ parallel to the blood ¥'C出eb,divide at the bran-
ching points of the latter and spread out as cord-like terminal reticula on the 
cartilage wals and showing control over them, run further to the ossi五cationnuclei. 
This日ndingshows histologicaly the absolutely close relation of the vegetative 
terminal reticula, as wel as of the blood vessels, to the ossification of cartilages at 
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Fig・. 44. Nerve fibres come’from the p巴riosteumand 
run into the epiphysal line. Embrvonal tibia of 
Human. Same staming. Photo×100. 
Here are distributed bu-
ndles of myelinated and my-
elinless五bresrunning in from 
the sides both of the perioste-
um and the medulla. Vegeta-
tive terminal reticula were fo-
und formed on the walls of the 
blood vessels coming from the 
periosteurn into the medullar 
lumen, and myelinated nerve 
五breswere seen running th-
rough the collagen五brecords 
in the suture. These fibres 
finally reach the vascular an-
sae in the cartilages. 
In the above, I have su-
cceeded in histologically dem-
onstrating that in not yet fu-
ly oss£ed cartilages many 
unmyelinated fibres are found 
running along the blood vessels 
into the vascular ansae exte-
nding from the periosteum to 
the ossif.cation nuclei and 
forming terminal reticula in 
and standing in control over 
the vascular ansae and the 
endosteal wals of the ossification nuclei, 
thus showing close relation together with 











































































































































































SUMMARY AND CONCLUSION 
That the details on the innervation 
of human bones and periostea contained 
hitherto many dubious particulars is attr-
ibutable in the main to the difficulties 
standing in the way of staining nerve 
仙resthe附孔 These.~di伍culties seem to 
., 
ゐ φ’，. ・ 4’・- ~. ，’九 F帆 。～
vι1‘＇ . . .也、
が《＂.i袋、 1・4～. ・4’ 婚後~ . 今J ‘ 
w. .，‘屯
Fig-. 45. DitLto. Photo×400 
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be chiefly due to the similarity of the bones and the periostea to the nerve五bres
in silver a伍nityand the necessity of decalcifying the specimens. 
To accomplish decalcification of thoroughly五xedmaterials as quickly as possible, 
using nitric acid, and to stain the sections with SETO’s silver impregnation. These 
precautions have led to the success of this study of mine. 
The results reYealed the existence in the periosteum of various sensory nerve 
terminations and vegetatiYe terminal reticula in abundance, as might ha¥'e been 
anticipated long ago. As types of sensory terminations I found simple unbranched 
and branched, bush-like and complex branched, and capsulated corpuscular termin-
ations, of which the last two seemed to show speci五cit~・ to the periosteum. 
The vegetative terminal reticula were found best developed in the periosteum 
of al the connective tissue organs. 
VATER’s bodies, KRAUSE’s bodies etc. were found in the outer la.）’er of the 
periosteum and the loose connective tissue forming the transition zone from the 
periosteum to the surrounding tissues. 
In the bones themselves, we find the problem of the origin and the nature of 
the nerve五bresin the osseous cortex as outstanding. I found here were seemingly 
more intramedullar nerve fibres coming up into the cortex than the白bresoriginati-
ng in the periosteum and that these fibres coming from the inside and the outside 
appeard to be in mutual connection. Sensors’ terminations were ycry small in 
number, and their terminal branches alw判 ’sended sharply, some after running 
spiral and some meandering courses. The vegetative五breslacked clear-cut terminal 
reticula but were found running along blood capillaries in very simple form of 
ST伯R’scapillary nerves, and五nallyalong the endosteal walls of the HAvERSIAN 
canals and the osteoblasts. 
Of the intramedullar nerves, the largest majority come in through the foram-
ina vascularia nutricia am1 form either vascular wal nerves or intramedullar basal 
plexus. The former run along the intrameclullar arte1匂s, forming vegetative 
terminal reticula in the vascular wall as far as the artery is of medium size, but 
when the artery turns into capillarieへthefibres take the terminal form of capillary 
nets. No nerve elements ・were found along the Yenous system. 
The intramedullar basal nen・c plexus consist of sensory and unmyelinated 
fibres. In .essence the~· are bushes of more than a dozen nerve fibres, which form 
unbranched or simple branched terminations anrl bush-like terminations in the 
medullar parenchyma. 
Vegetative fibres are clearly observed in the form of plexus-nets of medullar 
nerve fibres but at present no terminal reticula, the real terminal formation of 
neurofibrils, have ever been found in the medullar parenchyma. 
I have touched also upon the nerves in the perichondria and discussed the 
control relation of capillaries and the vegetative terminal reticula in the ossification 
nuclei, the perichondria and the vascular ansae in the epiphysea l cartilages, and 
have succeeded in demonstrating that the vegetative terminal reticula are YCr.)・ 
closely related to the process of endochondral ossification. 
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人間の骨及ぴ骨膜に於ける神経分布に関する組織学的検索
岩手医科大学整形外科教室
教授猪狩 忠
人間の5ヵ月から 9ヵ月迄の胎児と成人の剖検，手
術により得られた骨，骨膜を硝酸脱灰により，凍結叉
はツエロイヂン切片となし瀬戸氏鍍銀法により次の
所見を得た．
骨膜知覚終末として単純性終末，叢状終末，複雑
性分岐性終末，有被膜性小体様終末を認めた．
特に後二者は骨膜に特異性を示している様に
思われた．
骨膜に於ける植物終網は結合織性器管中最も
よく発達している．
骨膜周辺の霧粗組織中には Vater氏小体，
Krause氏小体を認めた．
骨 皮質に於ける神経線維の由来とその性状が問
題となるがy 私の所見では骨膜に由来する線
維より髄内神経の皮質に及ぶものが多い様に
思われた．包しこれらはお互に内合，分岐し
ているので断定出来ないのは当然である．
後本篇の要旨は第15回日本脳神経外科学会総会に於
ける主題演説として発表した。
ハーヴェル氏管にも知覚終末，植物神経を認
め植物線維は Stりhr氏の Capillarnerven
に規をーにし， Haver氏管内の毛細血管壁
のみならず内骨膜壁にも援しながら，索状に
走っている．
骨髄内神経は血管壁神経と髄内基礎神経叢を
分ち，血管壁神経は植物神経線維を主とし，
処々に植物終網を認める．髄内基礎神経叢は
知覚線維，植物線維よりなり，知覚線維は，
非分岐性，単純性分岐性終末，及び叢状終末
を形成するが，それ以上の複雑な終末は形成
していない．館内に於いては索状の植物線維
束が網状に走るも， 実質細胞聞には植物終網
の形成は見られなかった．次に軟骨膜に於け
る神経分布について論じ，最後に骨端軟骨，
化骨核に於ける分布について述べた．そこで
は値物神経がよく発達し，植物終網を形成し
て，内軟骨性骨化には血液毛細管と共に非常
に密接なる主宰関係のあることを組織学的に
証明した． ／ 
